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When evaluating what filter to use, consider the application and the operational environment. For example, when evaluating the need for a HEPA filter for a ventilation system, evaluate not only the efficiency of the filter, but also the filter construction and the operational environment. If the air stream is high in humidity, a metal-framed HEPA filter may be more applicable than a wood-framed filter (wood-framed filters are easy to dispose of by incineration), because in high-humidity environments, the wood frame tends to absorb humidity and increase in size, which could damage how the filter media are attached to the frame. Also, if the humidity is too excessive or if there are liquids/steam in the flow stream, using the wrong filter medium could become a safety issue.
In addition to the cellulose or borosilicate media often used in HEPA filters for ventilation systems and BSCs, PolyTetraFluoroEthylene (PFTE) media is also commonly used in biocontainment applications. This type of filter media is hydrophobic, which makes it resistant to humidity/ liquids. It is commonly used in effluent vent applications, steam vent applications, and where excessive humidity or liquids are present on the flow stream.
In a future column we will explain the testing methodologies for each type of filter used in biocontainment applications and discuss the safety side of maintaining air filtration systems. Until then, please send us your questions and stay connected.
Animal Bytes

Barbara Johnson
Biosafety Biosecurity International, Herndon, Virginia Animal Bytes examines biosafety challenges posed when conducting work with animals and provides solutions that promote both safe and responsible research. Good safety and animal husbandry are essential for good science. Learn about best practices when working with animals and applied safety information that can be used every day. Please e-mail your comments, questions, and insights to barbara_johnson@verizon.net or to Co-Editor Karen B. Byers at karen_byers@dfci.harvard.edu.
Laboratory Necropsy Safety
Hazards associated with conducting necropsies in the laboratory include, but are not limited to, sharps wounds, infection with pathogens used in the project or zoonotic agents, exposure to chemical agents, electrical shock, and mechanical injuries (ergonomic strain, lifting and crush injuries, and slips and falls). This column focuses on biosafety in small and laboratory animal necropsy areas, with the goal of minimizing sharps sticks and biological hazard exposure by using safe and appropriate practices, personal protective equipment, immunizations, primary and secondary equipment, and containment features.
Safe Practices
For safety in necropsy, observance of the practices recommended below can reduce the risk for hazard exposure or injury. Training is of paramount importance not only with regards to safe work practices but also in proper collection, processing, and submission of samples to ensure validity of results. For this reason, it is highly recommended the prosector (individual performing the necropsy) be knowledgeable of the species with regard to normal anatomy, common diseases and conditions, as well as microbiology and biological safety. Depending on the complexity and purpose of the necropsy procedure (diagnostic vs. quality control), an experienced laboratory animal technician, veterinary technician, or veterinarian should conduct or oversee the gross necropsy and sample collection. As in the case of working with tissues and body fluids in the lab, necropsies should be performed using universal precautions and appropriate biosafety procedures based on the risk assessment. Good communication is a key element to proper preparation and avoidance of exposures and accidents in the necropsy laboratory. When necropsies are conducted in teams, each person should have a clear understanding of team members' roles and assignments to avoid exposures to sharps and hazards. This is especially important when necropsies are performed on larger animals outside of primary containment (i.e., on a necropsy table and not within a BSC) and when multiple people are prosecting or collecting samples. For example, prior to adjusting a necropsy table position, communicating with all present about the intended table movement can prevent cuts with sharps or other injuries.
Although the use of sharps cannot be eliminated, care-ful consideration should be given to the use of blunt dissecting scissors versus a scalpel in certain dissections. Place reusable sharps in a designated location or container. Sharps containers should be stationed at the work site for disposing of scalpel blades, needles, and other sharps. For small animal (i.e., rodent) necropsy, tape can replace pins, and most of the dissection and tissue collection can be performed without a scalpel. If a knife is used (as is common with large animal necropsy) the blade should be sharp, smooth, and free of burrs. Plastic specimen containers and cassettes should be used in place of glass where possible. Bone fragments and teeth are sharps too, so care should be executed when handling these. Securing a body part (i.e., the head) with one hand for cutting or sawing is a high-risk procedure. Task-appropriate tools (vice, forceps, gauze, or sponge, etc.) should be used to secure the body part to minimize the risk of injury to the prosector. As with other laboratory procedures, the potential for aerosol generation should be minimized and avoided. Substituting hand tools for power tools such as bone saws greatly decreases the generation of aerosols. Spray and splatter should likewise be minimized when washing away blood and fluids, and the use of highly pressurized streams of water should be avoided. This is relevant whether using a BSC with a cup sink or a necropsy table (Jennette et al., 2013) . Lining the work surface with a plastic-backed absorbent towel significantly helps to contain liquids and facilitates clean-up as the remaining material can be carefully rolled into the towel and bagged for sterilization.
For large animal necropsy, the floor around the table may at some point become wet with blood, body fluids, or water. This situation requires extra caution when walking or moving around the table or room. The use of slipresistant protective footwear (rubber boots), slip-resistant floor mats, or specialized flooring material can decrease the risk of slips and falls and should be used when applicable and practical. Keep in mind that those items will likely require additional and/or special cleaning and decontamination procedures. At completion of the necropsy and tissue sampling, all contaminated room surfaces, instruments, equipment, etc., must be thoroughly cleaned and properly decontaminated. Dissecting instruments and other tools should be cleaned with a disinfectant detergent using a brush, sponge, or gauze to remove soil and organic material prior to decontamination or sterilization. There are a variety of EPA-registered disinfectants that can be used in the necropsy laboratory based on the risk assessment for the specific procedures and microorganisms that may be present. For example, to inactivate organisms such as a parvovirus or mycobacterium, a disinfectant that is labeled as parvocidal or tuberculocidal should be used. For the decontamination procedure to be effective, it is important to follow the manufacturer's recommendations on dilution, storage, contact time, and other label instructions. While not advocating any given product, commonly used disinfectants include chlorine-based, quaternary ammonium and phenolic products which have a wide antibacterial spectrum.
PPE
Personal Protective Equipment (PPE) and clothing for personnel working in the necropsy laboratory is selected based on the known or potential pathogens, exposure risks, and procedures performed. In general, the necropsy laboratory is considered a dirty or potentially contaminated environment, so uniforms or other dedicated clothing (i.e., scrubs) should be worn by prosectors. When necropsy is conducted in primary containment (i.e., necropsy of rodents in a BSC using ABSL-2 procedures), the PPE would include scrubs or other dedicated lab clothing; closed-front gown or lab coat; closed-toe shoes; shoe covers per risk assessment; gloves; eye, face, and respiratory protection as dictated by the risk assessment. When necropsy cannot be performed under primary containment (BSC), additional PPE should include mucous membrane protection (face shield, mask, goggles), respiratory protection (isolation mask, N95, N100, or PAPR) and waterproof apron and slipresistant protective boots based on the risks for aerosol, splash, spray, and inhalation exposures. Double gloves and puncture-resistant gloves may be indicated for some pathogens transmitted via the percutaneous route and for Risk Group 4 pathogens. Part of the risk assessment involves balancing loss of dexterity when selecting gloves with protection they provide when considering the tools, procedure, and the known or suspect pathogen.
Occupational Health
Every animal laboratory, including those that provide only necropsy and diagnostic laboratory support, should have an occupational health program for all personnel exposed to live or dead animals, their tissues, or body fluids. That program should include a risk assessment for each person based on their potential for exposure to known biological hazards including animal and human pathogens, and appropriate immunizations for at-risk employees where a safe and effective vaccine is available (i.e., hepatitis B, rabies, influenza, and tetanus). Recommendations exist for offering immunizations to individuals who by job description are identified as being at risk to exposure from pathogens of vertebrate animals (CDC, 2008; ILAR, 1997) . For example, staff at animal and public health laboratories that conduct necropsies on avian species and screen for rabies in mammals are at risk for exposure to certain arboviruses and rabies virus. The occupational health plan for such laboratories should consider appropriate immunizations and health surveillance based on those risks. A recent survey of animal care and research workers in biomedical settings in the United States found, "Tetanus toxoid was the predominant vaccine administered (91.7%) to animal care and research workers, followed by hepatitis B (54.8%), influenza (39.9%), and rabies (38.3%)" (Weigler et al., 2012) . The occupational health care provider can advise whether immunized staff should be tested to determine whether the immune response mounted to the vaccine (i.e., antibody titer) is within the recommended protective level for that particular vaccine. When immune responses are not suffi-ciently mounted or immunizations are recommended but declined by the employee, the laboratory director in consultation with the safety officer and occupational health provider should determine if accommodations in the form of additional PPE, alternate procedures, or other means of further reducing the risk of exposure are appropriate.
For individuals conducting necropsies on subjects infected with specific pathogens (i.e., during a vaccine efficacy trial), a risk assessment should be conducted by the safety officer in consultation with the occupational healthcare provider with regards to the availability, efficacy, and safety of additional immunizations that are Food and Drug Administration approved as well as Investigational New Drugs (ILAR, 2011) . Post-exposure prophylaxis should be readily available in the event a medical provider deems an exposure could result in infection.
Primary and Secondary Engineering Controls
The level of biocontainment recommended for working with live or dead animals and tissues known or suspected of harboring infectious agents is determined by the risk group of the pathogen, whether it is exotic or endemic, and whether the necropsy process is conducted within primary containment. Any necropsy involving potentially infected animals should be conducted in a BSC when practical as this further reduces the risk of exposure to staff as well as contamination of the laboratory. Downdraft tables are helpful in capturing aerosols and fluids that are generated; however, they lack the efficacy of a BSC and are not considered primary containment. Note that even the process of cleaning a downdraft table or necropsy table has the potential to generate aerosols and splatter. Biocontainment recommendations for conducting work with potentially infected animals are described thoroughly in Biosafety in Microbiological and Biomedical Laboratories (HHS, 2009) , the Agricultural Research Service Facilities Design Standards (ARS, 2012), and risk group reference charts for several countries and organizations; the latter are available in electronic format on the ABSA web site (ABSA, 2004) . While not specific to necropsy areas, these resources are a good starting point for determining the appropriate facility engineering needed to protect adjacent spaces and the community. Regardless of containment level, standard construction features of a necropsy area include: • smooth surfaces for cleanability; • construction materials and casework/counters resistant to chemical decontaminants; • BSC, sturdy necropsy table or downdraft table; • proximal availability of an autoclave; • adequate lighting (and optimally task lighting); • inward directional airflow; • sloped floor to drains; • slip resistant flooring; and • snorkel or other appropriate ventilation (gas scavenging) equipment connected to the building exhaust in facilities where volatile chemicals or gases are used.
As containment levels increase beyond ABSL-2, additional containment features may include an effluent decon-tamination system, double door bioseal autoclave, tissue digester, and engineering and security features required for ABSL-3, BSL-3Ag, or ABSL-4 facilities. Catherine Wilhelmsen et al. are practitioners with extensive first-hand expertise in conducting necropsies in BSL-4 containment and have meticulously described engineering and best practices in a chapter titled "Animal Necropsy in Maximum Containment" (Richmond, 2002) . Though not exhaustive, the information provided is a good starting point to address necropsy safety. Additional considerations should be given to work with large animals such as livestock, chemical safety when using fixatives prior to necropsy, disposal of waste and transporting samples (in some cases to areas of lower biocontainment), and personal hygiene and exit procedures.
